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tt TT .T. Or 7 >n/EKTI0K 

Use of „ ofDipcpddyLA-opepddase to Bloc, Emry of HTV into CeUs. 

Backgxoond^L Invention 
Th < s invention relays to inhibitors of the amino 

pept i, aS e "activitv of -i^l ^ — ~ ^ " 

(DP D o r -s a serine protease present in many 

l ° ".lian ceiis and tissues, for example, renal 

aic be3 r amm - ^ ^ bioQd plasffla . 

l Vs \Z in lo« anounts in the central nervous 
T_C : ti thought to he involved in the regulation 

15 system. It is tho g of DP IV on a cell 

of the immune response; occurrenc 

• .« oe iated with the ability of cells to 
surface is associated ^ tQ 

produce ^terleu,in 2 (I >■ ^ ^ 

0 - ^ rrrTe different Uitors of OP IV a re Known. 
20 iB a suicide inhibitor: N-Ala-Pro-O- 

represents oxygen.) The third is a 

,5 e - ( 4-nitro)benzoxycarbonyl Lys vr 

, »,Mt anti-porcine kidney DP IV 
polyclonal rabbit anti p 

immunoglobulin. 

■ ' Lmj^r r< Tnvpntion 

, t ic ac-ivity of DP IV involves cleaving 
The enzynatic ac.ivi.-j _ 

* „f„, free amino terminus of a 
3C of . dipeptide fro tn '« ^ f „ cleaving afte r a 

polypeptide. D. ^ ^ penultimate position from 

proline, i.e., P ^ ^.^ terininus is required; 

th . amino term n»s. ~ ^ a 

35 ^f^ ^emo^ a. .terminal «o ^tide 



SUBSTITUTE SHEET 



WO 95/11689 



PCT/US93/10J23 



/..K«ro w can be anv aaino acid, 
fron a polypeptide (.P.ere W can a . 

•• online) D=> IV also will remove a W'-Ala 
inducing proline) . D polyp eptide when W 

dipeptid i n r::r v t: i ;r, side ^, ..... t^^.. 

5 15 ^ Mention concerns potent inhibitors . of the 

5 -rv of IV. Generally, an a-amino 

en ^ at ic act^v o 0. (boropro ^ ^ 

bo.on.c acd analog ^ ^ ^ group of 

designate one such ana-uy 

, enlaced with a B(OH) 2 group, where (0K) 2 
proline rep ace v ^ ^ represents boron) 1S 

10 represents two hy .^n 9 P ^ ^ boropro 

b onded to an - ° 3 d Thes£ dipe?tide proly l- 

as the C- er*i ^ d s?e=if ic inhibitors 

^Tp IV "IvUy have Ki values in the nanomolar 

15 ran9e " Oipeptides having the boroPro noiety are unstable; 

• h Jtors used in the invention have at least two 
thuS( inhi i tor - the strucruxe of these 

otner a.xno acxds^ ^ y ^ y ^ chosen 

inhibitors is X-Pro o 

• j /in'-lud-nq proline). mis 

t «r.p.pt 1 d. »ay M -* 9 lW . s> eac „ aipeptlde having 
Edition c< one or -ore <^ , 
th. general Mr. « r » ■ «^ _ 

. ^ «^ontw is anv ammo acid linw.uui»y ^ 
. independently is ^ ^ ^ detail belQW . 

25 9en ; ra b tors unction as inhibitors of DP IV because 

These inhibitors fun sub£trate for DP IV and the 

each ^P-; id ;/; r t ° e t on or an inhibitor with OP IV 
final product of the re ^ ^ terfflinus 

is the dipe pti * , ^ b£ biQcked ^ ^ lose 

30 of these inhibitors *us 

^ the invention matures use of „ incite 

coound M «- ^ 1 " Gr ° UP 

35 Group I has the structure: 
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H 



O n 
I 



H NH'- C - C - N - C - C T NH 1 - 



Rl- C - Y 

I 

R2 



vb .r. H reoresents a. hydrogen; C represents a carbon; 

Resents an oxygen; M represents a nitrogen; each R, 

'dependents, is chosen fro, the group consis tin, > 

r coups of a*ino acid, including proline; each broken 

5 \Z indeoendently, represents a bond to an H or a bond 

* and each H' represents that bond or a 

-o one R group, and eacn n j-=^ 

F 0 an(J , incluslve 

10 y, .»««in, "» .IDS cQ]ipoiind 

:;:::;\r;:^r::i:' u L t Ua — - - 

r c2 

I 

Gl -- C 

I . 
L G3 J 



15 



--ere n is between 0 and 2 inclusive, each G2 and G3 
..ere n is o 3 (one to three carbon atoms) 

independently is H or CI 3 1° 

■IKyl, Gl. is NH3 (H3 represents three hydrogens), 



NH - C - 
KK2 



HH2 



( H2 represents two hydrogens), or 



NG4 , where G4 Is C - C5 

G6 
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4 



„ he -e « and c. can M HB. H. °r CI - 3 .1*1 or alKenyl 
:U-=n e or .ore crbon. .MCI*-* «i« a -utrooen. « 
„.»-. a charge, and Gl and Group II do not form a 

:::;L„Jv ^- ^ « 7... 1 

also have the structure: 



-her. on. or two of the a, b, c, d, ., and f oroup is N, 
„ the rest are =, and each SI - SC independently is H 
« c - C3 alKyl. Group I nay also include a five 
„e..ered unsaturated rin, « 
10 e.g., an imidazole ring 



Group 


II 


0 


H 


! 


1 


C - N - 


C 

1 


I 

Rl- C - 


Y 


I 

R2 





where T is a group of the formula: 



" B " T "ZV'a' group which is capable of being 

■ , ^ 1 t*»h * a aroup of the formula: 
physiological pft, a 9^ u f 



" D l, where each Dl and D2 , independently, is a 



Id 



C - CF - G, 

I I 

0 F 
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where G is either K, fluorine (F) or an alkyl group 

containing 1 to 20 carbon atoms and optional heteroatoms 
which car. be K , S (sulfur), or 0; or a phosphonate group 

of the formula: 

0 

I 

- p - j 

I 

0 - J 

5 where each I, independently, is O-aDcyl N-alKyl, or 
alXyl. E-h O-alKyl, N-alkyl or alkyl -eludes l - 20 
carbon atoms and, optionally, heteroatoms which can be N, 
S, or 0. T is generally able to for* a complex with the 
catalytic site of a D? IV. 

R4 R5 

I I 

Y is R3 - C - M, R3 - C - C - R6, or 



W 15 R7 

I I I 
R3-C-C-C-R8 

I I I 
R6 

L0 and each Rl.M, M . *« . R5. R6, R7 . and R8. separately 
is a group which does not significantly interfere with 
site specific recognition of the inhibitory compound by 
DP xv, and allows a complex to be formed wxth DP IV. 

in preferred embodiments, T is a boronate group, 

„ phosphonate group or a -^ lu -° al ^ i ; et °"\ g " UP t ; e ea c C H h 
Kl - R8 is H; each Rl and R2 is H, and each Y is the CH 2 
CH 2 ; each » is independently chosen fro. the R group of 
proline and alanine; the inhibitory compound has a 
binding or dissociation constant to DP IV of at least 

20 10-*K, 10-M or even icr'M; the inhibitory compound xs 
dmixed with a pharmaceutical^ acceptable > carrxer 
substance; and each Dl and 02, independently or Dl 
and D2 together are a ring containing 1 to 20 carbon 
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atoms, and optionally heteroa--o=s vhich can be K. S or 0. 
Di-efe-red compounds have the formula 

CH, 

- where each D 1 and D 2 , independently, is a hydroxy 1 group 

or a group vhich is capable of being hydrolyzed to a 
5 hydroxyl- group in aqueous solution at physiological pH; 

and X conprises- an a=ir.o acid or a peptide which 
ninics the site of a substrate recognized by a post 
prolyl cleaving enzyme. It is .also preferred that the 
amino acid derived moieties of the inhibitor be entirely 
10 L-isomers, and that the carbon aton bonded to the boron 
aton also be of the -configuration. Thus, preferred 
inhibitors have the structure 




wherein » is an integer betw.n 0 and 10, inclusive; A and 
A' are L-amino acid residues su=h that the A in each. 
15 repeating bracketed unit can be a different anino acid 
residue; the C bonded to B is in the L-conf iguration; the 
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k m A and C/ and between A and N are 

bonds between A and N, A ana 

pe,-id. bonds; and each X> and 1> is. independently a 
hydroxy 1 ,ro» « . «»«p «^ bls ° £ b " n9 / 
, IreTiL-s is described in Bachovchin POT Application 
US92/090-26, hereby incorporated by reference. 

The invention is based on the abiUty c £ the 

CD!6 -bearin 3 cells. ^X^teoietHapsule, « 

" lP " £e " r e 'p ti nt who does not yet 

Uruid («.) to an HIV in P^ 
e*ribit the symptoms of full blown »iw , 
f virus into healthy, uninfected ceils of the P» 
in particular. C04 ♦ lymphocytes. Preferab ly the 

15 na-ient has a CD. ♦ count of at least 200, and .ore 
15 pa-lent n=» administration of 

preferably at least 400, at the time HIV . 
the inhibitor. The inhibitors treat pre- symptona wic HIV 
injected patients not by neutralizing virus, 
case for so=e UDS therapies, but by blocHn, viral entry 

" l " t0 th ;"t W of the inhibitor is preferably between 
„ and 500, .ore preferably between 20 and 1.0, and »ost 
P e erably between 20 and 80 body weioht, so that 

« v ral unit doses in pill, tablet, or capsule for,, for 
25 a e. « patient will be .ade available,- these uni. 

d "se foliations will contain 500, 1500, 5000 and 
„ 000 „, of- inhibitor. These unit dose formulated 
I? oLules or tablets will preferably be in a 
pills, capsules, or administered orally 

0 . » r 0^ ba £i s, „ 

" -ovi "any dosage to the patient in the ranges 

"e! ed above. Liquid unit dos.g, formulations for oral 
"or less preferably, injectable administration can be 
employed as well. 
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a ^-arfPflps o f the invention 
Other features and advantages 

fniiov^-: description of the 
will be apparent iron: the fo— o*-.. r * 

nref erred embodiments, and fro- the clams. 

npscrin^ lon ° r rn - *--- c - 

■n ^i-c:r be briefly described. 
5 The drawings will u.su se a.-*, jr 

nravinqs 

Figure 1 is a diagraaaa-ic representation of 

several inhibitors; and 

Figure 2 is a diagrammatic representation of the 

10 synthesis of a boro proline compound. 

KDIfifi ^. inhibitory compounds useful in the invention 
haV e the general structure recited in the Sugary of the 

• ^ „i«,c of o-ef erred structures are 

Invention above. Examples of p.eterr 

a <- n as Dre'e-red errcdiments above. 
15 those referred to as pre.e-ic . ^ 

~<= t-he irl-ibitory compounds is sucn 
The structure of the inr.iDJ.-u-j f 

.... _ f 4. he a -- no acid sequence near 
that at least a portion of -ne a — no i ^ 

_f a IV substrate is duplicated, or 
the cleavage site of a u. j. 

nearly duplicated. 

The choice of anino acid sequence affects the 
ability of the inhibitory co= P =ur.d to block CD26. 
inhibitory compounds which can complex with DP IV can 
also block CD2S, and thus" are useful in the invention, 
specificity is determined in a sinilar fashion, by 
25 testing the CD26 blowing effect of a P**"* 1 " 

inhibitory conpound using standard techniques The. 

nr-ferablv block CD2S and do not 
inhibitory compounds pre.eraDi> a 

- fo- normal cell functions, 

inhibit enzymes necessar., ro- nu__. 

The inhibitory expounds include a group (I) which 
„ causes the inhibitory compound to conplex with DP IV, no. 
only in a co.petitiv. fashion, tit in a 
reactive nanner to for* a strong bond between the 

a no TV "his group thus acts to 
inhibitory compound and D. iv. y f 

/ r increases the 

bind the inhibitory compound to DP IV, 

. rAnc t,nt fK 1 " of the inhibitory 

35 inhibitory binding constant 



20 
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i«« «f such qroups include boronates, 
conoouna. Examples of sucn gro h ^ ^ ^ 



":r r r ikvl ^ and pnospfcora^dates (of the for*u ae . 
liven in 'the Sugary above). These groups are cov.lently 
bonded to the prolyl residue of the compound, as m the 

5 above formula. 

The proline or proline analog, represented by 

- M - C - 

I I 
Rl- C - Y 

I 

R2 

3b „ve, i. chosen so that it mimics the structure of 
p -olin. recogm.ed by th. active site =f DP XV It can 
Te modifl.d my providing HI and R2 groups — » no 
l0 interfere significantly with this r.cogmtion, and thus 
L no-, significantly affect th. Ki of th. compound 
T hus on. or nor. hydros »««p. can be substituted to 
orm hydroxy-proiine, and methyl or sugar monies may be 
inXed to these groups, on. skilled in th. art «U 
„ recognize that th... groups ar. not critical in this 
invention and that a larg. choice of substitutents ar. 
acceptable for Rl and E2. 

Synthesis 

<j Y „thesis Si hnrnProline . 

Referring to Figure 1, the startin; compound I is 
D -eoared essentially by the procedure .f «atteson et a 

is substituted for the pinanediol ester, similar 
o-pounds such as borcpip.=oli= acid and 2 -at.tcdine 
25 "ronic acid can be prepared by making th. approp late 
election of starting material to yield the p.ntyl and 
or ooyl analogs of compound I. Further CI can b 

tut.d for Br in th. formula, and otn.r diol 
testing groups can be substituted for pinacol n th. 
30 rm la, 2 , ,-butan.diol and alpha-pman.diol. 
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Comoound II is prepared by reacting compound I 
with [(CH 3 )0 3 Si] 2 K-Li + . in this reaction 
nexamethyldisilazane is dissolved in terra, «y drofuran and 
an equivalent of n-butyl lithium added « - 3 o C . Aft 
warming to room temperature (20-C) and cooUng to -78 C 
an equivalent of compound I is added in tetrahydrof uran. 
The Lture is allowed to slowly cone to room tempera ure 
and to stir overnight. The alph.-bi,(tri=ethylsilanel- 
protected amine is isolated by evaporating solvent and 
adding hexane under anhydrous conditions. Insoluble 
residue is removed by filtration under a nitrogen 
blanket, yielding a hexane solution of compound II 

compound III, the N-trinethysilyl protected form 
of boroProline is obtained by the thermal cyclization of 
15 compound II during the distillation process in which 
compound II is heated to 100-150-C and distillate is 

^- u w lie sfi-62 e c a" 0.06-0.10 cm pressure, 
collected which boils 66 62 <- a. 

Compound IV, boroProline-pinacol hydrogen 
chloride, is obtained by treatment of compound III with 
20 HCi:diox.ne. Excess H=i and by-products are removed by . 
trituration with ether. The final product is obtained in 
a high degree of purity by recrystalliwtioo from ethyl 

boroP rolin. esters can also be obtained by 
25 treat,ent of the reaction mixture obtained in the 

preparation of op-pound II with anhydrous acid to yield 
l-amir.o-4-bromobutyl boronate pinacol as a salt. 

„~,,<-rai i 7inn the salt with base 

Cyclization" occurs after neutralizing t... 

and heating the reaction. 
30 F.» MP le l : Preparation of boroProline-pinacol 

(y-bQroP rn - ninacoI) 

The intermediate, 4-Bromo-l-chlorobutyl boronate 
pinacol, was prepared by the method in Matteson et .1. , 
^^tallics. O): 1284-1288 (1984), except that 
35 c^oT^nTw^ modified for large scale preparations and 
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th. pinacol was substituted for the pinanedoil protecting 

gr ° U? ' 3-bromonropyl boronate pinacol was prepared by 

.J««n of allvl bromide (173 ml, 2.00 coles) 
hvdrcgenboronation of anyi ^ 

, w C40 nl 2.00 moles). Catecnol 

5 with catechol borane (240 ni, 

horane was added to allyl bromide and the reaction h ated 
£ or « hours at 100-C under a nitrogen atmosphere. The 
Product, 2-brc.opropyl ornate catechol (bp ,1-lM c. 
025 was isolated in a yield o £ <g» by distillation. 

!0 The catechol ester (12. 9, 0.52 »W >» 

trar.sesterified with pinacol (61.5 9, 0.52 noles, by 
„ixin, the exponent in 50 .1 of THr and allowing then to 
st i- -or 0.5 hours at 0-C and 0.5 hours at roon 
temperature, solvent was removed by evaporation and 250 
15 »1 0= hexane added. Catechol was re.oved as a 

crystalline solid. Quantitative removal was achieved by 
Recessive dilution to 500 .1 and to 1000 .1 with hexane 
and re-ovina orystais at each dilution. Hexane was 
evaporated and the product distilled to yield 1,7 , (bp 

20 60 - 64°C, 0.35 mm) . 

4-B-omo-l-chlorobutyl boronate pinacol was 
preoared by homologation of the corresponding propyl 
To Late. Methylene chloride (50.54 ml, 0.713 -ol.-) was 
dis solved in 500 ml of *HF. 1.54 » ^ 
■25 hexan- (480 ml, 0.780 moles) was slowly added at -100 C. 
25 nexan- ^ow » noles) was 

3-3rozopropyl boronate pinacol (178 g, 0.713 
J ^ „ , „ f o r -ooled to the freezing point 

dissolved in- 500 ml of ih», -ooiea 

■of the solution/ and added to the reaction mixture. Zin 
cnloride (54.4 g, 0.392 ,oles) - dissolved « 250 .1 of 
30 Z cool d to o-C. and added to the reaction mixture m 
30 ' co ° taction was allowed to slowly 

several portions. The reac^io qolvent 
..nnerature and to stir overnight. Solvent 
warr to room temperature a» , ^ „ 

was evaporated and the residue dissolved in hexan (1 
liter) and washed with water (1 liter). Insoluble 
35 I ,r al was discarded. Mter drying over anhydrous 
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j r(i>o'in- solvent was evaporated, 
nagnesiua sulfate and filwe.w*, solvent 

The product was distilled to yield 147 g (bp 110 - 112-C, 

0 ' 200 ^_ Trirae ~ h ylsilyI-boro?roline pinacol was prepared 
5 «i. st by dissolving hexamethyldisilizane (20.0 g, 80.0 
«ol..) in 30 ,1 of TK7, cooling the solution to -78-C, 
and adding 1.62 N »-butyllithiua in hexane (49.4 ml, 80.0 
rlol.a) . The solution was allowed to slowly van* to room 
tecoerature. It was recooled to -78-C and 4-bromo-l- 
10 chlorobutyl boronate pinacol (23.9 ,, 80.0 mmoles) added 
4n 20 ml of THT. The mixture was allowed to slowly warn 
to room temperature and to stir overnight. Solvent was 
renoved by evaporation and dry hexane (400 nl) added to 
yield a precipitant which was removed by filtration under 

„v,«« The filtrate was evaporated and 
15 a nitrogen atmosphere. The ^ 

. • v<n1i5 j vieldina 19.4 g of the desired 
the residue distilled, yielding y 

product (bp 60 - 62'C, 0.1 - 0.06 rm) . 

H-boroProline-pinacol.HCl was prepared by cooling 
N-trimethylsilyl-boroProline-pinacol (16.0 g, 61.7 

20 rnnoles) to -78-C and adding 4 N KCL:dioxane (46 ml, 185 
..oles). The mixture was stirred 30 minutes at -78-C and 
1 hou- at roc, temoerature. Solvent was evaporated and 
the residue triturated vith ether to yield a solid. The 
crude product was dissolved in chloroform and insoluble 

2 5 material removed by filtration. The solution was 
evaoorated and the product crystallized from ethyl 
ac.'tate to yield 11.1 g of the desired product (np 156.5 

- 157-C) . 

T ^« j^ "f bnroPrm in° Peptides 
30 General methods of coupling of N-protected 

peptides and amino acids with suitable side-chain 
protecting groups to H-boroProline-pinacol are ^ 
applicable. VTnen needed, side-chain protecting and h- 
terminal protecting groups can be removed by treatment 
ith anhydrous HC1, HBr. trif luoroacetic acid, or by 



35 w 
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cata^vtic hydrogenation. These procedures are known to 
those" sKilled in the art of peptide synthesis. 

The mixed anhydride procedure of Anderson et al., 
» >~ rn». See . 89:5012 (1984) is preferred for 
5 peotide couplTngT Referring again to Figure 1 the mixed 
anhydride of an ^-protected amino acid or a pept.de 
varying in length fro, a dipeptide to tetrapeptide is 
prepaid by dissolving the peptide in tetrahydrof uran and 
adding one equivalent of N-methyl^orpholine. The 
10 solution is cooled to -20«C and an equivalent of isobutyl 
cblo^-ofonaate is added. After 5 minutes, this mixture 
and one equivalent of triethyiamine (or other sterically 
hindered base) are added to a solution of K-boroPro- 
pinacol dissolved in either cold chloroform or 

15 tetrahydrof uran. , c 

The reaction mixture is routinely stirred for one 
h ou^ at -20-C and 1 - 2 hours at roon temperature ( 2 0 °C) 
solvent is renoved by evaporation, and the residue is 
dissolved in ethyl acetate. The organic solution is 

20 washed with 0.20 N hydrochloric acid, S% aqueous sod lum 
bicarbonate, and saturated aqueous sodium chloride. The 
organic phase is dried over anhydrous sodium sulfate, 
filtered, and evaporated. Products are purified by 
either silica gel chromatography or gel permeation 

tr o h o v™ t.h-20 and methanol as a 
25 chromatography using Sephadex Lh ±» ™ 

solvent. ■ 

Previous studies have shown that the pmacol 
Protecting group can be renoved in situ by preincubation 
in phosphate buffer prior to running biological 
30 experiments; Kettner et al., I- fti*!- ^ 151 ° 6 " 
,5114 (1984). Several other methods are also applicable 
for removing pinacol groups from peptides including _ 
b0 roProline and characterizing the final product. First, 
the peptide can be treated with diethanolamine to yield 
35 the corresponding diethanolamine boronic acid ester, 
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*..«* can be readily hydrolyzed by treatment with aoueous 
ac : d 0 . . sulfonic acid substituted polystyrene resin as 
• 4.-„o- »t al id. Both pinacol and 

describe e i, , ■ « d . _ ^ m by treatlng 

t=U converted to the difluoroboron derivative 

. ; 5T2) \y treatment with aoueous Hf as descried by 

Kinder et al., id- . 

qinilarlv different ester groups can be 
0 similarly, d ^ 

introduced by reacting the free oorom 

introu Dle those containing 

di-hydroxy compounds (for example, 

>, s or N) in an inert solvent, 
heteroatoms such as S or r<; 

— — ^ s prepared by mixed anhydride 
coupling of the K-Boc-protected alanine and H-boroPro 

area as described above. H-Ala-boroPrc . was . prepared 
hv removal of the Boc protecting group at o C m 3.5 
liar excess of 4 N HCl-dioxane. The coupling and 
D olar performed by standard chemical 

20 deblocking reactions we P ^ ^ 

■reaction. Ala-boroPro has a Ki for u 
Boc-blooced Ala-boroPro has no affinity for DP IV. 

The two diastereomers of H-Ala-boroPro-pinacol can 
be partially separated by silica gel « tt 
25 20 * methanol in ethyl acetate as eluant. The early 

taction appears by NM* analysis, to be 95% enriched in 
;! omer Because this fraction has more inhib tcry 



aaainst DP IV than later fractions (at equal 
Power gainst DP I ^ ^ ^ L . boroPro 

concentrations) it is proua * 



30 isomer. 



on. significant drawback with H-Al.-bor.Pro as an 
inhibitor tor OP IV is that it decomposes in aqueous, 
solution at neutral P H and roo* t.nperature < 2 0-» C) 
with a half-life ct around 0.5 hour. Many dipeptlde 
35 derivatives with a free N terminal a»mo aroup and a 
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t „nc-on.l v"U„ (such as a dif luoro.ethyl Ketone, on the 
""I, are si.il.ny — » intra.ol.cular 

J^;. A six .enber rin, is forced between the an.no 
and c"er.inal functional groups an, undergoes subsequent 
, "rther reaction, such as hydrolysis. DP XV bound 

inhibitor is .ore stable, consistent with the hypothesis 
Z exposition is due to an intra»olecular reaction. 

a -Pro-boroPro is .ore stable than H-Ala-boroPro. 

np IV is about 1 x 10 M, and 
The Ki of H-Pro-boroPro for DP iv 

^intion a* roon temperature (20 
10 it decomposes in aqueous solution a- .00= f 

-„.« with a half life of about 1.5 hours. Although 
t h af inity of H-Pro-boroPro is about 10-fold iess than 
th at of „-Ala-boroPro. the increased stability is 
a-ant.,eou ^ ^ ^ ^ ^ 

above dipeptides inhibitory expounds of the invention 
are or. tetrapeptides or longer peptides as shown 

" t Heneral formula above. These inhibitory compounds 
Ire substrates for DP IV yielding the dipeptlde inhibitor 
20 «-boroPro. These tetrapeptide boronic acids are 

generally stable and can be ad.inistered by any standard 
I Z to act as a substrate for DP IV and then as a 

::::: - * »» 

such tetrapeptides is that inhibitor is released only m 
25 the vicinity of active DP IV. These tetrapeptide boronic 
cids can be bade by the .ethod of .ixed hydride 
coupling by ,»e of ordinary sXill in the ar e.g., 
MatLon, cr^n^tolli^ 1=»84 to 1288, 1584. 

T»st systems svste.s by which the 

The following are examples of syste.s y 

inhibitor^ activity of the above described inb bitory 
« ounds can be tested on DP IV. As an exa.ple 

• „«.d to test each of these systems. 
boroPro is used to test subst ituting 
inhibitory compounds can be tested by simp y 
3 5 them for H-Ala-boroPro. 
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jo iv <s purified from pig kidney cortex by the 
method of Earth et al., Acr . ■ Med. Gen,. (1974) 

32:157, and Wolf et al., ^ »^ ■ ^ {191B \ , 

3V 4 09, and fro. hunan placenta by the nethod of Puschel 
5 et al E. Eur. J . Bioche*. (1982) 126 :359. H-Ala- 
foroPro inhibit, both enzy.es with a Ki of -i.o x 10 "K. 
u.^ a n pp^iph ^'i »1"°d Mnnnn»n«sr Cells 
H-Ala-boroPro was tested for its influence on PHA- 
induced proliferation of huinan peripheral blood 
10 aononuclear cells. Hunan peripheral blood nor.o-nuclear 
cells were obtained from healthy human donors by Picoll- 
Hypaque density gradient centrifugation. The cells are 
washed three tiaes in R?KI 1640 medium ar.d resuspended to 

„p => i v 10 6 in RPMI. 10% huaan serun 
a concentration of a 1 x iu m r_i- 

15 was used as necessary. 

The proliferative response of lymphocytes was 
me asured using 3H-Thymdine incorporation. MSG cells 
[F ord W.L. in Handbook of Experimental Imaunology edit, 
bv : D.M. Weir. BlacKvell Scientific Publications, 

, ~ si f5 x 10 3 ) were distributed into 

20 Oxford, 1978. p- 23.6] (3 x j.u , 

wells of round-bottotr. nicrotitre plates (Nunc) and 

incubated in the presence or absence of various dilutions 

of antigen, mitogen, ly^phokine or other agent of 

interest Ceils were cultured in an atnosphere of 5, C0 2 

25 in air for 72 hours after which 'H-Thyxidine (0.5 

uci/well; 2.0 Ci/mM sp.act., New England Nuclear) was 

ad ded 6 hours before termination of culture. The cells 

we-e harvested with a multiple automatic harvester, and 

3 H -thymidine incorporation assessed by liquid 

_ • 3 U thv-ridine incorporation was 

scintillation counting. tnyr.icme v 

determined relative to control values in the absence o. 

inhibitor. inhibitor was added to give a final _ 

concentration of 1 x 1<T«M, but lower c=ncentrations can 

be used. 



30 
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other Embodiments 

or*- embodiments are within the following claims. 

Pc^ exanole, ether inhibitors can be created which minxc 

«f aia-b:>rot>ro. Examples of such 
the structure of Ala ddtu. 

inhibitors are show, in Fig. 2 and include A la-boroPro. 
Th ; se inhibitors generally have a boroPro group, or its 
equivalent, described above in the Sugary of the 
Mention, and a positively charged a»ine group The 
inVb'tor. are designed so that ainHnal interaction of 
the'a^ine and boroPro groups occurs, and thus no cyclic 
structure is forced a P H 7.0. These inhibitors interact 

ar.d/cr bind with DPIV. 

What is clained is: 
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Use of compound having the structure 
Group I - Croup II 
vher. Croup I ha. the .tructur.: 



H + KH'- C 



0 

I 

Rl- C ■ 

I 

R2 



C 
I 

Y 



0 

C - KH 1 



wherein each R, independently, is chosen from the 
group consisting of the R groups of an azino acid 
including proline; each broken line, independently, 
5 represents a bond to an H or a bond to one said R group, 
and each H' represents said bond or a hydrogen; p is an 
integer between 0 and 4 inclusive; 

or GrouD I has the structure: 

rf 

L c: J n 

where n is between 0 and 3 inclusive, 
each G2 and G3 independently is H or CI - 3 alley 1, 
Gl is NH3, NH - C - NK2, or 
NH2 

NG4, where G4 is C - G5 

G6 



10 



15 



where G5 and G6 can be KH, H, or CI - 3 alkyl or 
alkenyl with one' or' more carters substituted with a 
nitrogen; provided that Gl bears a charge and Gl and 
Group II do not form a covaler.tly bonded ring structure 
at pH 7.0; 
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or Group I has the structure: $ 

I 

4 



where one or two of said a, b, C d, e, and f is N 
and the rest are C, and each SI - S6 independently is H 
or ci - C3 alkyl; where Group II has the structure: 

0 R 

1 I 

C - K - C - I 

I I 
Rl- C - 1 

I 

R2 ; 

5 T is a group of the formula: 

- b- Dl, where B is boron and each Dl and D2, 
independently, is a hydroxyl group or a group which is 
capable of being hydrolysed to a hydroxyl group in 
10 aqueous solution at physiological P H; a group of the 
formula: 

-C " CF- C 

I I 

OF 

where G is either H, F or an alKyl group containing 1 to 
20 carbon atoms and optional heteroatoms which can be H, 
S, or o; or a phosphonate group of the formula: 

O 



SUBSTITUTE SHEET (RULE 26) 



PCT/VS93/1CU2J 

WO 95/1 1639 



- 20 - 

where each J, independently, is O-alkyl, N-alkyl, or 
alkyl, each said O-alkyl, N-alkyl or alkyl comprising 1 - 
2C carbon atoms and, optionally, heteroatoms which can be 
K, S, or O; said T being able to form a complex with the 
5 catalytic site of a dipeptidyl-aminopeptidase type IV (DP 
IV) enzyme, - 

R4 R5 

• 1 

Y i. R3 - C - M. R3 - C - C - R6, or 



R4 R5 R7 

R3-C-C-C-R8 

I I I 
R6 

and each Rl, R2, R3, R4 . R5, R6, R7 , and R8 , separately 
is a group which does not significantly interfere with 
site specific recognition of said inhibitory compound by 
said D? IV, and allows said complex to be formed with 
said D? IV for the preparation of a medicament for the 
treatment of a patient infected with HIV but not 
suffering from AIDS, wherein said compound blocks entry 
f HIV into uninfected CD26+ cells of said patient by 



10 



o 



15 blocking CD26. 

2. The use of clair. 1, wherein T is a boronate 

group. 

3. The use of clair. 1, wherein T is a 

. phosphonate' group or a trif luoroalkyl ketone group. 
20 4 . T he use of claim l wherein each Rl - R8 is H. 

5. The use of claim 1 or 2 wherein each Rl and 
R2 are H, and each Y is CH 2 - CH 2 . 

6. The use of claim 5 wherein each R is 
independently chosen from the R group of proline and 

25 alanine. 
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7. The use of clain 1, wherein said conpound has 
a binding or dissociation constant to said D? IV of at 
least 10 _9 M. 

3. The use of clain- 1, wherein said conpound has 
5 a binding constant to said D? IV of at least 1<T»M. 

9. The use of clain 1 adaixed within a 
pharmaceutical^ acceptable carrier substance. 

10. The use of clain 1 wherein each Dl and D2 is, 
independently, F or Dl and D2 together are a ring 

10 containing 1 to about 20 carbon atons, and optionally 
heteroatoms which can be N, S, or 0. 

11. The use of clain 1 wherein said conpound has 



the formula 



D> 

/ 

H t 

Oh 

what each D 1 tad D 3 . md^pcadcotly, a t hydrpiyi 
poop or t froop which b cxp*b\c otb**i hydroly*d 
to & hydro ryl jroep in *p*o<a »ol*tioo tx phypoJof • 
teal pH; 

ad X coc n praq in i m o *cid or t peptide which 
mimic* tbe.Bic of i mbctru* rtco ynrnfri by t pott 
oroM ckavtnx enxymt 



12 



The use of clai= l wherein said nedicanent is 
15 a unit dosage form of said conpound formulated for oral 

administration. 

13. The use of clain 12 wherein said unit dosage 

form is a pill, capsule, or tablet. 

14. The use of clair. 12 wherein said unit dosage 
20 form contains 500-30,000 M 9 cf said conpound. 
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0H CH II 
CH n D X / CH C — CP 3 



/ | 0H 

CH 



'2 

'2 X 
Prolyl Boronats 



CH | OJ 

Prolyl phosphonate 



CH 2 



CH^ x - 2 x 



CHf 

Prolyl Trifluoro alky I ketone 



FIG. 1 



SUBSTITUTE SHEET (RULE 26) 



r , roft PCTOJS93/10423 
WO 95/U6S9 



/ 



2/2 

o — 



(0 



Br— (CH 2 ) 3 — CH — 3 



CI ^0- 



((CH 3 ) 3 Si] 2 N-U" 
•78 e C- +25°C 



4-bromo-l-chloro'outyl boronate pinacol 



CO y 

Br-fCH,).— CH -B 
23 I \ 



DISTILLATION j 



N u 

si s: 

4-bromo-1((bistrimethylsilyi) amino] butyl boronate pinacol 



\l/ 

Si 
. N 




/ 
3 

\ 



HCI: Dloxane 



1 -trimethylsilyi-boroProline pinacol 
CUT) 



/ 



\ 



HCI 



rv 

boroProline-pinacol-HCI 



O isobutyl- 0 
|| choroformate || 
Boc-A!a-N r C -OH Boc-Ala-N r C-N 






y 

\ 



rv 



Boc-Ala-Pro boro Pro- Pinacol 



FIG. 2 
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